Introduction {#sec1-1}
============

Lung cancer is the leading cause of cancer-related mortality and the second most common oncological diagnosis in both women and men in the United States.\[[@ref1]\] Although surgical resection has been proven effective, the rate of recurrence can be as high as 40% in patients with Stage I nonsmall cell lung cancer (NSCLC).\[[@ref2]\] A major risk factor associated with poor survival in this patient population is high tumor stage at the time of diagnosis and surgery; however, other independent perioperative factors have been associated with increase or decrease in cancer recurrence of NSCLC, including opioid consumption, perioperative inflammatory status, blood transfusions, and the use of nonsteroidal anti-inflammatory agents or β-adrenergic blockers.\[[@ref3][@ref4][@ref5][@ref6]\] The findings that such short-term perioperative factors/interventions may impact long-term cancer outcomes, together with causal findings from animal studies, suggest that the perioperative period has a critical impact on the metastatic process, and through it determines long-term cancer outcomes.\[[@ref6][@ref7]\] Therefore, there has been a search for perioperative interventions that might modify risk or impact long-term outcome of patients with NSCLC.\[[@ref4][@ref8][@ref9]\]

Dexmedetomidine is a potent and highly selective α2 adrenoreceptor agonist, which exert analgesic, sedative, and sympatholytic effects that are clinically manifested also in the form of reduced consumption of opioids and volatile anesthetics, and reduced intraoperative levels of circulating catecholamines.\[[@ref10]\] Given that, pro-inflammatory and sympathetic responses to surgery, as well as the perioperative use of high opiate levels, were shown to promote cancer progression, dexmedetomidine could potentially reduce the pro-tumoral and pro-metastatic state associated with surgery by modulating inflammation and reducing the consumption of opioids and volatile anesthetics.\[[@ref6][@ref11][@ref12][@ref13][@ref14][@ref15]\] These potential beneficial effects of dexmedetomidine added to its recently demonstrated immune protective and anti-inflammatory properties, could be of beneficial impact in cancer surgery.\[[@ref16][@ref17]\] Unfortunately, recent evidence has also indicated that dexmedetomidine can promote tumor growth through the directly stimulating proliferation of cancer cells, and through modifying the tumor microenvironment.\[[@ref18][@ref19]\]

Based on the above rationalizations and findings and since dexmedetomidine is commonly used in the intraoperative period, we decided to investigate the effect of dexmedetomidine on recurrence-free survival (RFS) and overall survivals (OS) after NSCLC surgery. Specifically, we hypothesize that dexmedetomidine decreases survival in patients undergoing NCLC surgery.

Material and Methods {#sec1-2}
====================

Study approval and waiver of written informed consent were obtained from the Institutional Review Board (IRB\#PA11-1067) before the start of the study. Perioperative data were collected, stored, and managed in a Research Electronic Data Capture database from patients who underwent surgical resection for primary Stage I, II, or III NSCLC between January 2004 and December 2011 at The University of Texas MD Anderson Cancer Center. Patients 18 years of age or older who had surgery with the intention to cure were included in the analysis. Those who had palliative surgery or secondary malignancies were excluded from the analysis. The analyzed data included patient\'s age, gender, body mass index (BMI), the American Society of Anaesthesiology (ASA) physical status, tumor histology, tumor Stage (I, II, or III), type of surgery (thoracotomy versus thoracoscopy), duration of anesthesia, and administration of neoadjuvant and/or adjuvant chemotherapy and/or radiation.

Intraoperative anesthetic care of the patients comprised volatile-opioid general anesthesia typically involving the use of a volatile anesthetic in oxygen, intravenous opioids, muscle relaxation with nondepolarizing agents, and normothermia. We also collected information on the total amount of dexmedetomidine administered intraoperatively. Postoperative management typically included patient-controlled epidural analgesia that was transitioned to a combination of an opioid plus acetaminophen or a nonsteroidal anti-inflammatory drug.

Statistical analysis {#sec2-1}
--------------------

Descriptive statistics, including mean, standard deviation, median, and range, were calculated for continuous variables, such as age and BMI, and the frequency counts and percentages were presented for categorical variables, including gender, stage, and use (yes versus no) of dexmedetomidine. Fisher\'s exact test or Chi-square test was used to evaluate the association between two categorical variables. Wilcoxon rank sum test was used to evaluate the difference in a continuous variable between patient groups. Kaplan--Meier method was used for time-to-event analysis, including RFS and OS. Median time-to-event in months with 95% confidence interval (CI) was calculated. The Log-rank test was used to evaluate the difference in time-to-event endpoints between patient groups. To adjust for potential selection bias, we conducted a propensity score matching (PSM) analysis. The propensity score is the conditional probability of receiving a specific treatment (dexmedetomidine) conditional on a set of observed covariates. In this study, we included the following prognostic covariates in the multicovariate logistic model to estimate the propensity scores: age, gender, ASA, stage of disease, type of surgery, and anesthesia duration. Two hundred and fifty-one patients who received dexmedetomidine (*n* = 251) and had nonmissing values for the covariates were matched with a 1:1 ratio to the patients who did not received dexmedetomidine (*n* = 251) and had nonmissing values for the covariates. Prognostic covariates by dexmedetomidine before PSM: Fisher\'s exact/Chi-square test for categorical variables or Wilcoxon rank sum test for continuous variables was used to assess the difference in covariate distribution between the dexmedetomidine group and nondexmedetomidine group. Univariate Cox proportional hazards models were fitted to evaluate the effects of continuous variables on time-to-event outcomes. Multivariable Cox proportional hazards models were used for multivariate analysis to include important and significant covariates. Estimating an overall probability of recurrence at 5 years of 0.4 and a reduction in the risk of 40% in patients treated with dexmedetomidine, we will need 237 patients in each group to demonstrate a statistically, significantly different (type 1 error: 0.05 and power, 1-β: 0.8) in survival.

Statistical software SAS 9.1.3 (SAS, Cary, NC, USA) and S-Plus 8.0 (TIBCO Software Inc., Palo Alto, CA, USA) were used for all the analyses.

Results {#sec1-3}
=======

A total of 1404 patients were included in the analysis. The median age (interquartile range \[IQR\]) and BMI of the patients were 66.07 years (19--90) and 26.49 (23.6--54.91), respectively. There were 679 (48.4%) females and 1257 patients had an ASA physical status of 3--4 (89.5%). The most common type of histology was adenocarcinoma (*n* = 796, 56.7%) and approximately half (*n* = 767, 54.6%) of the patients had a Stage I cancer. Stage II NSCLC was found in 332 patients (23.7%) whereas 305 patients had Stage IIIa (21.7%). The median (IQR) duration of anesthesia was 263 min (223--315.5). The duration of anesthesia was significantly longer in patients with Stage IIIa (278 min \[60--1100\]) disease than those with Stage I (252 min \[37--1190\]) and Stage II (274 min \[86--746\], *P* \< 0.001).

Two hundred and fifty-one (17.9%) patients received dexmedetomidine intraoperatively with a median (IQR) intraoperative consumption of 100 μg (57.47--140). Patients who received dexmedetomidine had also a significantly longer median (IQR) duration of anesthesia (271 min \[119--672\]) than those who did not (261 \[37--1190, *P* = 0.013\]); however, the use of dexmedetomidine was comparable between patients with different stages of disease (*P* = 0.279) and those who had thoracotomies or thoracoscopies (*P* = 0.453). As shown in [Table 1](#T1){ref-type="table"}, patients who received dexmedetomidine were more likely to be men (*P* = 0.032), had a longer duration of anesthesia (*P* = 0.013) and did not have adjuvant radiation (*P* = 0.01).

###### 

Clinicopathological characteristics of patients who had nonsmall cell lung cancer with general anesthesia with or without dexmedetomidine

![](JOACP-33-317-g001)

Recurrence-free and overall survivals {#sec2-2}
-------------------------------------

The median (95% CI) RFS time of the overall population of patients was 72.7 months (67.97--82.92) and the 5 years RFS rate (95% CI) was 0.55 (0.53--0.58). The median (95% CI) RFS time of the patients who did and did not receive dexmedetomidine was 71.35 (53.78--98.39) and 72.83 (66.69--86.86), respectively. The unadjusted univariate analysis (log-rank test) demonstrated no differences in 5 years RFS rate (95% CI) between both groups of patients (dexmedetomidine group: 0.53 \[0.47--0.49\] vs. nondexmedetomidine group: 0.56 \[0.53--0.59\], *P* = 0.343). After adjusting for age, gender, ASA physical status, stage of disease, and anesthesia duration, the multivariate analysis of nonmatched (hazard ratio \[HR\] = 1.19, 95% CI: 0.98--1.44; *P* = 0.076) and matched patients (HR = 1.18, 95% CI: 0.91--1.53; *P* = 0.199) showed that the use of intraoperative dexmedetomidine was not an independent predictor of RFS \[[Figure 1](#F1){ref-type="fig"} and [Table 2](#T2){ref-type="table"}\]. Using the median dose of dexmedetomidine as a cutoff, we divided patients who received the drug into two groups: Lower or equal than the median or higher than the median. After adjusting for age, gender, ASA physical status, and stage of the disease, the multivariate Cox proportional hazard model analysis demonstrated that the effect of dexmedetomidine dose was not statistically significant as a predictor of RFS (HR = 1.213, 95% CI: 0.850--1.732; *P* = 0.287).

![Kaplan--Meyer curves for recurrence-free survival (top) and overall survival (bottom). The figure depicts the Kaplan--Meier curves for recurrence-free survival (top) and overall survival (bottom) of the matched population of patients. As it can be appreciated patients who received dexmedetomidine had shorter overall survival than those who did not received the drug. Recurrence-free survival was similar in both groups of patients](JOACP-33-317-g002){#F1}

###### 

Univariate and multivariate analysis for recurrence-free survival
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The median OS time of the overall population was 109.03 months (95% CI: 98.4--NA) and the median follow-up time for the censored observations was 58.2 months (range: 0.69--125.0 months). The median OS rate at 5 years was 0.68 (95% CI: 0.65--0.71) in the nondexmedetomidine patients and 0.62 (95%CI: 0.56--0.68, *P* = 0.16). The multivariate analysis of the unmatched population of patients demonstrated that the use of dexmedetomidine was associated with a 28% increase in risk of death after adjusting for age, gender, stage of disease, and anesthesia duration (HR = 1.28, 95% CI: 1.03--1.59; *P* = 0.024) \[[Figure 1](#F1){ref-type="fig"}\]. The association still remained statistically significant when we included in the analysis only matched patients (HR = 1.37, 95% CI: 1.02--1.84; *P* = 0.024). The analysis also demonstrated that the dose of dexmedetomidine administered intraoperatively was not a significant predictor of OS (HR = 1.24, 95% CI: 0.84--1.84; *P* = 0.264) \[[Table 3](#T3){ref-type="table"}\].

###### 

Univariate and multivariate analysis for overall survival
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Discussion {#sec1-4}
==========

The primary finding of the present study is that the intraoperative use of dexmedetomidine is associated with a decrease in OS after surgery for NSCLC. Dexmedetomidine has anti-inflammatory effects and has been shown to be protective against the deleterious effects of ischemia-reperfusion.\[[@ref20][@ref21]\] In terms of clinical cardiac outcomes, the use of dexmedetomidine appears to be associated with lower mortality in the setting of cardiac surgery and a trend toward reduced cardiac complications after noncardiac surgery.\[[@ref22][@ref23][@ref24]\] Moreover, a recent randomized controlled trial in patients who had gastrectomies for gastric cancer indicates that dexmedetomidine, given intraoperatively, has strong immunomodulatory properties that are observed as an improvement in the Th1/Th2 ratio and a reduction in pro-inflammatory cytokines (interleukin-6 and tumor necrosis factor).\[[@ref16]\] Similar results were reported in another randomized controlled trial that measured the inflammatory response in patients who had cardiac surgery with cardiopulmonary bypass.\[[@ref25]\] Overall, given the reported anti-inflammatory, immune protective, and morphine-sparing effects of dexmedetomidine, our results are unexpected.

Several nonexclusive alternatives may underlie our observation that dexmedetomidine use was associated with decreased OS in our patient population. First, dexmedetomidine may have been used in patients with significantly more severe comorbidities that were not captured in our database; therefore, there were a larger number of noncancer-related deaths in the dexmedetomidine group of patients. Second, other studies in the perioperative care setting have shown improvements in outcomes after the administration of dexmedetomidine for longer durations than in the present study.\[[@ref16][@ref22]\] Alternatively, dexmedetomidine may have indeed potentiated the progression of minimal residual disease during and immediate following surgery. Specifically, dexmedetomidine could have led to the progression of micrometastasis (dormant or proliferating) into macrometastasis, which is ultimately the leading cause of death in patients with NSCLC. This can be hypothesized based on the fact that the multivariate analysis of nonmatched patients showed an important trend toward an association between the use of dexmedetomidine and reduced RFS. Although the contribution of α2-adrenoreceptor activation or inhibition in NSCLC cells proliferation and growth is unknown, recent studies investigating the effects of dexmedetomidine on breast cancer cells demonstrated that it can induce tumor growth and metastasis through two independent mechanisms: (a) direct activation of α2-adrenoreceptors expressed on the cancer cells or (b) activating α2-adrenoreceptors on host stromal cells.\[[@ref18][@ref19]\] Dexmedetomidine is also an imidazoline receptor agonist.\[[@ref26]\] Activation of this receptor increases the formation of hypoxia-inducible factor and vascular endothelial growth factor, which are proteins involved in proliferation and growth of NSCLC cells.\[[@ref27]\] Thus, it is possible to speculate that dexmedetomidine can trigger the growth of NSCLC cells through these cellular mechanisms. In addition, dexmedetomidine can induce tumor growth by inducing immune suppression. Although, in our patient population, we did not assess the effect of very low doses of dexmedetomidine on survival, it worth noticing that Inada *et al*. demonstrated that the chronic administration of subhypnotic doses decreased the function of cytolytic lymphocytes and enhanced tumor growth in animals inoculated with lymphoma tumor cells.\[[@ref28]\]

As for any retrospective study, unknown confounding factors are the major limitations. Therefore, our results should be taken with caution. Although our PSM analysis was based on clinical demographic, surgical, and tumor staging variables, a number of comorbidities and intraoperative variables might have still differed between the patients who did and did not receive dexmedetomidine. For instance, we did not account in the analysis for the consumption of opioids or volatile anesthetics intraoperatively, hemodynamics and depth of anesthesia. Although, dexmedetomidine has sparing effects on volatile anesthetic consumption, if the depth of anesthesia was not measured it is possible to speculate that those patients in the dexmedetomidine group had significant deeper states of anesthesia along with intraoperative arterial hypotension (a known adverse effect of dexmedetomidine), which have been associated with higher mortality rate after noncardiac surgery.\[[@ref29]\] Our analysis also indicated that patients in the dexmedetomidine group underwent longer surgical procedures (albeit based on anesthesia duration times -- 271 vs. 263 min); however, we adjusted for the anesthesia time in the multivariable analysis of unmatched and matched patients. Furthermore, we believe that a difference of 8 min in the duration of anesthesia after matching is unlikely to explain our findings. Moreover, the use of dexmedetomidine was not different among patients who had thoracotomy versus thoracoscopies or had different stages of disease; hence, we believe that the difference in OS was not due to these confounding factors. Finally, we did not analyze the effect of dexmedetomidine on each stage of cancer or histology. Although we have previously shown that perioperative interventions might have a different impact on survival according to the stage of disease,\[[@ref3]\] in the present study, we did not perform such analysis because of the limited number of patients in the dexmedetomidine group.

Conclusions {#sec1-5}
===========

The use of dexmedetomidine is not associated with an improvement in survival of patients undergoing NSCLC surgery. Prospective randomized controlled trials are needed to properly assess the effects of dexmedetomidine on NSCLC patients and other cancers, and animal studies should further elucidate potential mediating mechanisms to be tested in cancer patients.
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